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ABSTRACT 


Traffic jam that is resulted from the buildup of vehicles on the road has 
become an important problem, which leads to an interference with drivers. 
The impacts it has on cost and time effectiveness may take the form of 
increased fuel consumption, traffic emissions, and noise. This paper offers a 
solution by creating a smart traffic light using a fuzzy-logic-based 
microcontroller for a greater adaptability of the traffic light to the dynamics 
of the vehicles that are to cross the intersection. The ATMega2560 
microcontroller-based smart traffic light is designed to create a breakthrough 
in the breakdown of congestions at road junctions, thereby optimizing the 
real-time happenings in the road. Ultrasonic, infrared, and light sensors are 
used in this smart traffic light, resulting in the smart traffic light’s 
effectiveness in parsing jams. The four sets of sensors that are placed in four 
sections determine the traffic light timing process. When the length of 
vehicle queue reaches the sensor, a signal is sent as the microcontroller’s 


digital input. Ultrasonic and infrared sensors can reduce congestions at 
traffic lights by giving a green light time when one or all of the sensors are 
active so that the vehicle congestions can be relieved. 
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1. INTRODUCTION 

In recent years, traffic issues are an essential concern to be examined. The main problem is the 
frequent traffic congestions in many major cities in the world [1]. The constant-time traffic-control method is 
not optimal in regulating traffic, and the current densities of vehicles passing during peak hours may result in 
unavoidable congestions [2]. The increasing volume of vehicles is not comparable to the number of roads 
available [3]; this results in the buildup of vehicles on certain roads during peak hours, which causes 
congestions on the roads. This problem interferes with drivers and affects the local economy [2]. The impacts 
it may have on cost and time effectiveness may take the form of increased fuel consumption, traffic 
emissions, and noise. 

The congestion problem all over the world is caused by the growth of the number of vehicles that 
exceeds the available capacity [4], requiring a higher level of traffic efficiency in order to reduce the 
congestion. One way to increase traffic efficiency is to use an intelligent transportation system and real-time 
signal control system [5]-[7]. Using artificial intelligence, the traffic light system can be adjusted based on 
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the level of vehicle density in the crossing path without ignoring the demand of the other line [8]-[13]. The 
traffic density can be reduced by controlling the traffic light using a fuzzy-logic-based traffic light controller; 
this can reduce the stopping time at the traffic light because the controller can adjust to the traffic density [9]. 
The arrangement of the traffic flow at the intersection is primarily intended for the vehicles in each way to 
move in turn so as not to interfere with the flow of vehicles in the other way. There are different types of 
controls that are used for traffic lights. The controls used are based on the consideration of the situations and 
conditions of the intersection, including the traffic volume and the geometry of the junction [14]-[21]. 

There are some studies offering solutions to the problem, one of which is by applying a 
fuzzy-logic-based controller to control the traffic at a four-way intersection. The traffic light is applied to 
four junction sections with a fixed movement pattern; that is, when the east-west traffic has a turn during the 
green light, then the north-south traffic must not pass, and vice versa. To know the number of vehicles in 
each direction, sensors are used to provide fuzzy logic inputs. Fuzzy logic is applied to traffic lights and 
simulated with MATLAB tools with the Mamdani method [8]. 

In an instance, researcher designed a traffic light control simulator with a fuzzy-logic-based 
microcontroller. The simulator was designed first for a trial using MATLAB with Sugeno’s method. In the 
simulator, a switch is used as a sensor that serves as a density counter on one track and a microcontroller is 
used as a light controller of the traffic [9], [22]-[24]. In a separate study, researcher performed a simulation 
using adaptive neuro-fuzzy inference system (ANFIS) on a six-segment traffic light system to compare the 
average stopping time resulting from the use of the static method against that from the use of the dynamic 
method; ANFIS in the neuro-fuzzy group was applied to an intersection of six sections [25], created an 
efficient ANFIS based fractional order PID (FOPID) controller for an electric vehicle (EV) speed tracking 
control driven by a direct current (DC) motor [25]. 

Meanwhile, we offer a solution to the issue above by creating a smart traffic light with a 
microcontroller based on the fuzzy logic. This solution is very important to break down the increasingly 
severe congestions in major cities in Indonesia. The built-in traffic light system can adapt to the intersection 
environment. If there is a road that has a long vehicle queue, then the green light time is longer on that road 
than on the other road that has only a shorter vehicle queue. 

Thus, the traffic light is more adaptive to the dynamics of vehicles that will cross the intersection. 
The traffic light can also communicate with neighboring traffic lights in two directions. This communication 
will generate information about the number of vehicles leaving the intersection toward each of the closest 
intersections. Using this information, apart from the information from the sensors, the traffic light will be 
able to recognize the number of vehicles coming in each direction. 


2. RESEARCH METHOD 
2.1. Power supply planning 

A circuit of power supply is applied to the sensors, microcontroller, relay outputs, and light-emitting 
diodes (LEDs). The input voltage is supplied by the State Electricity Company (Perusahaan Listrik Negara 
in Indonesian, PLN) at 220 Volts alternating current (AC), which is then lowered to 12 Volts AC and 
converted into DC voltage [26]. After that, the output voltage of power supply is set to 5 Volts according to 
the needs of the microcontroller. The power supply circuit can be seen in Figure 1. 


Figure 1. Power supply circuit 
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2.2. Input planning 

The input for this circuit is from the 3 sensors used as input tools on the microcontroller. It will then 
be processed into output. Each has two sensors placed at each section of the intersection. One light sensor 
works at night when the streetlight is lit. It will be active when there are objects on the line of reach. The 
sensor will then send the input signal on the microcontroller and the program that has been created will then 
execute it. 


2.2.1. Sensors planning 

The sensors used are ultrasonic, infrared, and light sensors [27]-[29]. The ultrasonic sensor detects 
the distance of a vehicle from an object in front of it [30], [31]. This sensor is capable of detecting a distance 
in the range of 3 cm to 3 m. Its working principle is that the ultrasonic sensor transmitter emits a frequency of 
40 kHz that is generated by the microcontroller, which then is received by the ultrasonic sensor receiver. The 
distance set in the program is 5 cm, so that if there are objects that are censored at a distance of 5 cm, then the 
ultrasonic transmitter receives a surge reflection and will send signals on the microcontroller. 

The ultrasonic sensor works when it detects the vehicle density at one of the junction segments, 
whereas the microcontroller will adjust the time needed to reflect the signal back to the ultrasonic sensor 
receiver, which is comparable to 2 times the distance of the ultrasonic sensor and the density of the cars that 
occurs as shown in (1): 


; (=) x2 
ultrasonic wave time = —— (1) 


The ultrasonic sensor requires echo and trigger to communicate with the microcontroller, i.e., when a positive 
pulse (+) hits 0.58 millisecond to 23.26 milliseconds for an echo pin comparable to the distance required to 
propagate when a bottleneck occurs, while the trigger gets 4 milliseconds. 

The infrared sensor system mainly uses infrared as a medium for data communication [32], between 
the receiver and transmitter. The system will work if the infrared light emitted is obstructed by an object 
resulting in an infrared beam that cannot be detected by the receiver. The advantages or benefits of this 
system in its implementation include remote control, security alarms, and system automation. The transmitter 
on this system is self-contained on an infrared LED equipped with a network capable of generating data to be 
transmitted through infrared light, while on the receiver there is a photodiode that serves to receive light. 
Infrared light is transmitted by the transmitter [33]. The infrared sensor set with photodiode can be seen in 
Figure 2. The light sensor serves as a street light sensor [34], so that the streetlight will be turned on 
automatically after sunset and turned off during daytime. A range of light sensors can be seen in Figure 3. 
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Figure 2. Infrared sensor circuit with photodiode Figure 3. Light sensor circuit 
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2.3. Process planning 
2.3.1. Microcontroller planning 

The microcontroller used in this prototype is ATMega2560. The ATMega2560 microcontroller 
consists of 54 pins that can be used as inputs/outputs, of which 15 pins can be used as pulse width 
modulation (PWM), 16 pins as analog inputs, and four pins as universal asynchronous receiver/transmitter 
(UART). This prototype uses 23 inputs/outputs for the traffic light program. 


2.4. Output planning 

The outputs are LEDs as traffic indication lights as the working markers of the traffic light program. 
The smart traffic light based on an ATMega2560 microcontroller is designed to make new breakthroughs in 
breaking down congestions at crossroads so as to optimize the actual situations in the field. This tool is 
designed as a control system that works according to the length of the vehicle queue utilizing 4 sets of 
sensors that are installed at each intersection. Time is added to traffic light when the length of the vehicle 
queue reaches the sonsor that has been installed. The sensor will send a signal as digital input on the 
microcontroller that will instruct the addition of time on the program. Meanwhile, if the length of queue on 
the road segment does not activate the sensor, then the time applied is normal in the program. In the design of 
this tool, the sensor is placed in the middle of the road to receive a signal from the vehicle queue if the number of 
vehicles in the queue exceeds the sensor limit. The workflow of the design can be seen in Figure 4. 


Add Timer 
Normal Time Calculation 
Northern South Western Eastern 
Sensors Sensors Sensors Sensors 


Vehicle Build- 


Yes 
Sensors 
Activate 


North South West East 
LED LED LED LED 


Figure 4. Flow chart of traffic light sensor 


If the relay is given a voltage of 5 Volts and ground on coil legs, then the relay will work. There are 
seven output relays used, which can be seen in Table 1. Supporting outputs in the form of LEDs are 
assembled into the crossroad traffic light. There are 12 LEDs consisting of LEDs in red, yellow, and green. 
The LEDs are placed in each section of the road intersection. The LEDs will work when the output pin of the 
microcontroller signals a high on the foot of the LED by 5 volt [35], [36]. 
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Table 1. Relay outputs 


No. Relay Description 
1 Relay 1 Congestion Sensor Relay in the West 
2 Relay 2 Congestion Sensor Relay in the East 
3 Relay 3 Congestion Sensor Relay in the North 
4 Relay 4 Congestion Sensor Relay in the South 
5 Relay 5 Northern Sensor Relay 
6 Relay 6 Western Sensor Relay 
7 Relay 7 Light Sensor Relay 


2.5. How does it work? 

Broadly, the processes that run in the smart traffic light based on ATMega2560 microcontroller 
include the programming process, program simulation process, instruction reading process, and sensor firing 
process according to instruction [37]-[40]. The smart traffic light based on ATMega2560 microcontroller is 
designed to create breakthroughs in breaking down congestions at road junctions, optimizing the real-time 
happenings in the field. This tool is designed as a control system that works according to the length of the 
vehicle queue utilizing four sets of sensors installed at each intersection. Time is added to a traffic light when 
the vehicle queue length reaches an appropriate limit according to the sensor that has been installed. The 
sensor will send a signal as digital input on the microcontroller that will instruct the addition of time on the 
program. If the length of vehicle queue in the road section does not activate the sensor, then the time 
calculation on the program runs normally. In the design of this tool, the sensor is placed in the middle of the 
road to receive a signal from the vehicle queue when the number of vehicles in the queue exceeds the sensor limit. 


2.6. Program planning 

ATMega2560 has 54 digital inputs/outputs, of which 14 are used as PWM outputs, 16 as analog 
inputs, and 4 as UART. Additionally, it has 16 MHz crystal oscillator, universal serial bus (USB) connection, 
power jack, ICSP header, and reset button. This module has everything we need to program a microcontroller, 
such as a USB cable and a power source via an adaptor or a battery. The design details are presented in the flow 
chart in Figure 4. 

The flow chart of traffic light sensor in Figure 4 describes the details of how the signal prototype is 
made to determine the length of time of green and red light at an intersection and its effect on the vehicles 
buildup in one section of the intersection. This flow chart can help determine an efficient length of time of 
traffic light at a crossroads. After all the inputs from the sensors are examined, then the signal junction 
simulation will calculate the length of time of green and red light along with the buildup that occurs. After all 
the calculation process is complete, this prototype will show the best results and will run continuously to set 
the traffic light regularly in each section. The flow chart of the traffic light system in Figure 4 further 
describes the following traffic rules at the intersection: i) the lamp that is controlled using the fuzzification 
process is the green light of each traffic light, so that the red light of each traffic light will adjust to the green 
light that is active in the other traffic lights, and ii) the length of time the green light is lit in a traffic light will 
be limited to the absolute maximum and minimum time values, so even if the density level is very high, it will 
still get a stop turn following the red light to give an opportunity for the traffic from other sections to cross. 

The program will run with normal time alike to the traffic light in general: the green light will be 
active for 3 seconds, the yellow light for 1 second, and the red light in a normal cycle for 9 seconds, but if the 
sensor is activated, then the stopping time will be added with 3 seconds in each section. The digital input 
number 8 will be active if input from the real-time counter (RTC) is received, which will instruct all flashing 
LEDs to be enabled for the night operating hours. In this study, the prototype time on traffic lights is made 
1:10 against normal circumstances. The prototype is made using the software Arduino IDE to create a traffic 
light program based on an ATMega2560 microcontroller using C language. It will first determine the total 
number of digital pin inputs and digital outputs used. 


3. RESULTS AND DISCUSSION 

For the digital data, signaling requires a voltage source that has the “TTL” level, following the logic 
HIGH=+5 Volts and the logic LOW=0 Volt, so that the output of the light sensor system that will be fed to 
the parallel port must have a TTL voltage level. Table 2 describes the level of stability of the power supply. 
The input and output test results, computed using (1), can bee have seen in Table 3. The distance calculation 
results can be seen in Table 4. 
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Table 2. Power supply testing 


Load Voltage (V) 
Without load 5.23 
Ultrasonic load 1 5.15 
Ultrasonic load 2 5.14 
Infrared load 1 5.20 
Infrared load 2 5.19 
Light Sensor load 5.20 


Table 3. Voltage testing results 
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No. Reference voltage (V) Input voltage (V) Output voltage (V) 
1 2.75 3.31 0 
2 3.00 3.46 0 
3 3.25 3.61 0 
4 3.50 3.77 4.42 
5 3.71 3.90 4.43 
6 3.93 4.03 4.43 
7 4.16 4.17 4.43 
8 4.43 4.94 4.80 
Table 4. The distance calculation results 
No. Distance (s/m) Calculation Ultrasonic wave travel time 
1 0.1 es 0.58 
~ 344 m/s ene 
2 0.25 lee 1.45 
; ~ 344 m/s ne 
4 0.5 eevee 2.91 
~ 344 m/s rere 
4 0.75 none 4.36 
~ 344 m/s eas 
5 1 ‘se 5.81 
~ 344 m/s ere 
6 > pet 11.63 
~ 344 m/s aes 
i 3 poe 17.44 
~ 344 m/s ree 
4x2 
8 4 t = ———_ 23.26 ms 


344 m/s 


Using the existing data, the fuzzy logic method is undertaken in the following stages: i) data input; 
ii) fuzzification in which membership degrees are generated; and iii) rule base. The fuzzification process can 
be seen on Figure 5. According to the value data, we take a distance of 3.5 meters and a voltage of 4.5 Volts 
then insert these into the set. The fuzzification process can be seen in Figure 6. According the existing data, 
distance is a blurred value in the medium and small set positions. The distance for small set membership as 


shown in (2). 


oh x<3 
u(x) = ng 3 Sxs4 
0; x24 


with the linear representation formula going down 


4-3.5 0.5 
4-3 


small (3.5) = 


The distance for medium set membership as shown in (4): 


0 x <3 
x-3 

L(x) = ny 3Sxs4 
1; x24 
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with the triangular linear representation formula 


Lu medium (3.5) = — = : =1. (5) 


small medium big small medium 


vs) 
~ 
a 


Figure 5. Set membership Figure 6. Distance and voltage membership set 


From formulas (2) and (4), it can be concluded that the membership degree for the distance in small 
set is 0.5, in moderate set 1, and in large set 2. Then the membership degree for voltage is a blurred value in 
the medium and large set positions. The voltage for medium set membership as shown in (6): 


2 x <4 
u(x) =4 45x55 (6) 
0; x>5 


with the linear representation formula rising 


wu medium(4.5) = °— = “2 = 0.5 (7) 


5-4 


The voltage for large set membership as shown in (8): 


a x<4 
u(x) ={54<x<5 (8) 
1; x>5 


with the triangular linear representation formula 


ubig (45) === =1 (9) 


5-4 


Then, the degree of membership for a voltage value of 4.5 is: small: 2, medium: 1, and large: 0.5. The rule 
base can be seen in Table 5. 


Table 5. Rule base 


Rule ecadae eae Sensor Travel time 
1 Small Small Long 
2 Small Medium Briefly 
3 Small Big Briefly 
4+ Medium Small Long 
5 Medium Medium Briefly 
6 Medium Big Briefly 
7 Big Small Long 
8 Big Medium Long 
9 Big Big Long 


According to the rule base in Table 5, when four rules-rules 2, 3, 5 and 6-are entered into the 
program, then the following will apply: 
Rule 2: if distance=small and voltage=medium, then the sensor time is brief. 
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o=min (u small (x); u medium (x)) 
o=min (1. 1) 

Rule 3: if distance=small and voltage=big, then the sensor time is brief. 
o=min (u small (x); yp big (x)) 
o=min (1. 0.5) 

Rule 5: if distance=medium and voltage=medium, then the sensor time is brief. 
o=min (u medium(x); u medium(x)) 
o=min (0.4. 0.6) 

Rule 6: if distance=medium and voltage=big, then the sensor time is brief. 
o=min (u medium(x); u big(x)) 
o=min (0.4. 0.4) 

The smart traffic light that is based on the ATMega2560 microcontroler includes a 
fuzzy-logic-based system design, software with the C programming language, and hardware. The designed 
system forms a traffic light setting according to the vehicle queue. The smart traffic light is practical in the 
creation of tools, smooth in the assembly, capable of breaking down congestions and vehicles density, 
especially during peak hours, and of minimizing violations during crossing, and safe to use. Its drawbacks lie 
in its limited sensor range and its susceptibility to noise. 


4. CONCLUSION 

The four sets of sensors placed in four sections determine the traffic light timing process. If the 
length of vehicle queue reaches the sensor, then the sensor is activated, a signal will be sent as digital input 
on the microcontroller, and the stopping time will be added with 9 seconds. The traffic light settings using 
fuzzy logic control still consider the interests of other traffic sections by providing a minimum of 9 seconds 
and a maximum of 27 seconds in | cycle of light traffic settings as the limits of the fuzzy logic control 
system. The ultrasonic and infrared sensors can reduce congestions at traffic lights by giving a green light 
time when one or all of the sensors are active, so that the vehicle congestions can be relieved. The automatic 
voltage regulator (AVR) ATMega2560 microcontroller requires some additional components such as 
capacitors, integrated circuit (IC) regulators, and resistors to be able to work or function as expected. 
Betterment for this research can be performed by adding input variables by adding multiple sensors at various 
intersections so as to produce real-time outputs. It is also recommended to allow access for road users, so that 
when a congestion is detected, the road users can consider when to pass the road as indicated by the number 
of vehicles. 
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